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25X1

Hovember 2, 1959

Dear 8ir:
This summary letter report describes the research performed
under Work Oxder Ho. X, Tesk Order No., CC, during the period Merch 27
through July 26, 1959.
The cbjective of the Work Order No. X research program was to
develop s working model of an instrument or system which would messure and
then indicate the tarques exerted by the moving campopent of your opera~
ting representatives' special twoecampopent tool 25X1
of interest. Implied in this cbjective were ree 25X1
quirements that any modificaticns made to the special tood in order to
achieve the stated cbjective should not sericusly interfere with the
“feel” of the tool during use; and that the accessary instrument, as a
vhole, should be swall, lightweight, selfecontained, and reliadle.
More specifically, on the basis of the data obtained under Work
Order Ko. III, Task Order No. CC, and described in the correspading
sumaary letter report, dated April 2, 1959, it was hoped that an instru~
ment could be developed t0 cover a range of torgues fram about 0.2 in.-1b.
to 10 $0 15 in.~1b. Also, as a means to the cbjective, the use of
electriceresistance strain gages had been suggested as probebly being

quite meritorious; the additional consideration given to the problem under
Work Order Ho. X showed this suggestion to de well founded.
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In connection with a proposed torque meter (system) bssed on
electriceresistance strsin gages, the design had basically two aspects,
mechanical and electrical. Strain gages, vhen emergized electrically,
gimanehctrimlaimlwhentheputstowbiehtheymnthebodm
deformed (strained) by s force or a torque. The problem then was to
design a device in wvhich 2 member would be twisted or bent when the
torques to be measured were applied to the tool. This implied, of course,
that the handle of the tool would rotate more than the vorking end of the
tool in the course of operation.

The principal design considerations involved in thie perticular
application were as follows: (1) enough mechanical strain should be
cbtained st the lowest torque so as to give a sufficlently large elec~
trical indication; (2) the mechanical strain should not exceed the yield
pomtarthcmtennlmdmtheamMpsrtaetthetool, at the
maximm torque; (3) the relative elastic rotation of the tool should not
be so great that it seriously affected the “feel"; and (4) the frictiomal
torque in the tool should be amall as compered to the amllest torque to
be measured.

Tn the course of evolving a specific configursticn on which to
mount strain gages, calculations were made first for a tuwular member.

It was found that, in order to achieve enough strain in a thin-valled
tube so as to obtain & reading of 0.2 in.=lb., the wall thickness would
have had to be prohibitively thin for any resscnable tube diameter.
Therefore, this approach was discarded, and the design was based an a
cantilever beam. Actually, two identical beans were used, mainly to
cbtain the advanteges of a camplete fourearm strainegage bridge within

N
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the tool; these advantages were teumperature compensation, and more reliable
mﬂmuﬂtﬁmtwﬁefmﬁ&nﬁﬁmwscuﬂﬁb&mﬂu—
connected within the hanile of the tool.

The basic equations governing the design of the torgque metexr
are as follows3

The cinrent through the detecting meter, i, caused by a strain,
e in the strain gages is, for a bridge of four active armss

iw “""&;" 2 (1)
(1 + -?)
wheret

I = the cuwrrent supplied to the bridge circult
G = the “"gage factor” of the strein gages =

R = the electrical resistance of each gage
Rg-t&w electrical resistance of the detector.

The strain, g, on the surface of a cantilever beam at points

near the mount iss

e ™ e 5 (2)

2
vhere:
T = the torgue causing bending
E = Young's Modulus of the beam material
b = the width of the besm
x = the half thickness of the besm.
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From a review, first, of the charucteristics of sero-center
microammeters which were available, it became apparent that strain gages
should be chosen to give as mach output signal as poesible, Therefore,
Baldwin~Lims-Hamilton Type C-0 gages were selected, because of their high
gage factor of about 2.8 and their high resistance of 500 cims (giving a
smaller value of Rg/R in Equation 1). On the basis of using the specific
characteristics of these gages and of a typical meter in Equation 1, the
minimm useble value of strain was estimated. From this estimated value
of strain and reasansble size limitations for a slightly modified tool,
the dimensions of the besms were calculated from Equatiom 2. The beanms
were subsequently designed from 758~T6 aluminumm allay, each besm with an
effective length spproximetely 1 inch, width 3/8 tneh, and thickness
0.055 inch.

It wvas found by experiment with the first model of the torgue
meter (system) that the sliding friction within the tool would be a
serious problem in an instrument or system required to measure 0.2 in.-1b.
of torque. The design of the modified-handle assembly was then changed
to include & ball bearing (Fafnir SK7) between the modified handle and
the shaft of the tool. Experimentation with the second model, ineluiing
the bearing, showed that the frictional torque within the t00l was indeed
negligible as compared to 0.2 in.~1b.

Figure 1 shows a view of the modified-handle assembly opened,
with the moving component of the tool in poeition. Figure 2 25X1
illustrates the moving camponent of the tool with the modifiedehandle
agsembly attached, and the other two parts of the torque meter (aystem),

namely, the circuit box and the meter. (A "Check"="Rum" switch was
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Figme 1. The Modified-Handle Ascexbly in
Caspanent of the Tool, With the Handle Outer Case
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installsd on the circuit box, Jjust below the black zerco-adjustment knob,
after the Figure 2 photograph was teken. This switch was the same type
as those used for "On"-"0ff" and "Hi"="Low".) The modified-handle
assenmbly wves prepared, for the most part, from an alumimm allay, and is
2-1/2 inches in OD and 7/8 inch in thickness.

The four strain gages on the two beams (both sides of each) are
connected into a closed bridge within the modified-handle sssembly. Four
lead vires from the four Juctions of the bridge are connected to a
socket (Amphenol 126-010) on the frout cover of the modifiedehandle
assembly (Figure 2). A fowwwire cable cannects to the tool at this
socket, and, at the other end, to the circuit box by mesns of the same
type of socket (Amphenol).

A diagram of the complete electrical circuit is shom in
Figure 3.

The two 10,000-chm resistors and the 1,000-ckm potentiometer at
the top of the figure comprise a balancing circuit for zeroing the indica~
ting meter; this is desirsble since strain gages of a given type vary in
resistance as much as 1% and therefore would not necessarily give a
balanced bridge without some adjustment being mede. The power source in
the vorking model consisted of two Burgess Type k156 carbonezine
batteries connected in parallel, in cder to provide enough capscity for
8 howrs of operation. At youwr suggestion, mercury batteries were tried
(four Mallory Type TR-13k~R), with considersble saving of weight and spece,
and probably scme increase in life.
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FIGURE 3. CIRCUIT DIAGRAM FOR TORQUE METER (SYSTEM)
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The 0-100 ma meter indicates the bridge current and the condition
of the bdatteries. With nev batteries (22.5 volts), the cwrent is sbout
46 ma. The indicated output produced by a torgue is proporticoal to the
bridge cwrrent. The "Hi"-"Low" switch provides two ranges of sensitivity
{("BL", i.e., high, sensitivity correspands to the low renge of torques,
and "Low" sensitivity, to the high renge of torques). The indicating
meter is a zero-center micrommmeter with 50 divisions aa each side (50=0+50),
and with a sensitivity of 0.5 microsumpere per divisicm and a meter
resistance (Rg) of about 300 chms. It is canmected to the circuit box
by & twowwire esble with "bansna” plugs on each end. The weight of the
circuit box and the indicating meter, incluiing the mercury dbatteries,
is sbout 3-1/% 1b.

In aome futwre model which might be designed for meximum
conpactness, a circuit box that would be about one half as large as that
showm in Plgure 2 could probably be prepared, even if s panel~type meter
were mounted in the bax. A panel-type meter with the regquired charwcterw
istics would be availsble on special arder.

Calibration curves for the two ranges of toxgue are shown in
Figurea 4 and 5. It should be noted that a torgue of 0.2 in.-lb.

(3.2 in.=0z.) produces a deflection of about 8 divisions on the "Hi"-
sensitivity seale. Thus, if the need arises, even smaller torques could
be memsured. With the present circuitry, the maximmm readable torque is
sbout 10 in.-1lb. It would be desirable in a finalized field model to
instell appropriate stops 80 as to prevent the deflection of the indicating=
meter pointer beyond full scale in the "Low"-sensitivity renge end also
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to prevent overstressing the beams in the modifiedehandle assembly. As
mentioned before, the frictional torgque in the system is comsidersdbly
smaller then 0.2 in.-lb., as evidenced by the retwrn of the indicating-
meter pointer very nearly to zero after any deflection even in the "Hi"~
sensitivity (low terque) range.

The working model of the torque meter (system) was trenemitted
to you an September 10, 1959, along with a dreft of the operating
instructions. The operating instructions are also included here in
Appendix 1.

In summary, a working model of s torgue meter (system) has been
developed which fulfills the cbjective. The original handle of the
special tool has been modified only in size and weight; we believe that
the "feel" has been affected very little. Nven the vorking model of the
complete instrument (system) is light in weight and relatively small; a
refined model could easily be made smaller and more compact. It should
be noted also that the indexing device developed previously under Work
Order No. IXI, Task Crder Ro. CC, could be readily fitted to a tool ate
tached to a torque meter (system), if such were desired.

Any consideration of the further development of the torgue
meter (system) should probably incluie several refinements of mechanical
details in the tool handle, and poseibly scme refinements in the circultry
to provide checks on its integrity. An improved model of the modified~-
handle assembly for the tool could probebly be prepared so as t0 be
easier to assemble, dismssemble, and adjust; also, the size and weight
of the assembly might be reduced. Incorporatiom of the indicating meter
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a8 a panel instrument in the circuit box would contribute comsideradly to
compectness and vould probebly improve the elsctrical relisbility to
same extent. It would be possible also to arrange for cme meter to do
double duty as an indicator of torque anxd of battery cuwrremt. Field
testing of the torque meter (system) mey, of course, suggest other changes
worthy of coamsideration.

Also, a develogment of possible interest mighi be the design of
an altermating-currest (a-c) indicating circuit %o replace the direct-
cwrrent circuitry in the varking model. FPerhaps the most serious
dissdvantage of & sensitive dec bridge circuit is the danger of damage
t0 the indicating meter as a result of an open or short circuit ccowrring
in the strain-gage bridge or in the lesd wires to it. It is likely that
an a~c bridge would provide several advantages, namely, (1) more sensitivity,
(2) a means of protecting the indicating meter against sccidental overlosds,
and (3) a more rugged indicating meter. However, it should be realized
that attempting to aschieve these advanteges might lead 0 greater weight
and size.

Nevertheleas, some indication of the improvement poseidilities
in this direction is fummished by comsiderstion of the Baldwinelime~
Hamilton Model Il transistorized strain-gage inmdieator. Although this
instrument weighs 10 pounds, it could probably be appreciably reduced in
weight without any change in perfoarmance. The Model H has several
features vhich are not useful for the type of applicetion of interest
here; modification of the basic circultyry 4o provide visual indications
without manual balancing could prcbably be accomplished without en
incresse in weight. Scme measurements were taken with a Model N indicator
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(the model preceding Model H, with similar cireuit and performmnce), and
they indicated that this indicator i1z seversl times more sensitive than
the circuit incorporated in the working model provided.

We wvould appreciate any caments that you or your associstes

might care 0 make with regard to the research.
Sincerely, .

25X1

ABWimlm
In Triplicate
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APPENDIX 1
OPERATING INSTRUCTIONS
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Apperdix 1
Operating Instructions

The torque meter (system) cansists of three major unites
(1) The circuit box, A
(2) The indicsting meter, B
(3) The tool and its handle, C.
There are also cables for use in connecting A to B and A to C.
Before connecting the units together with the cables, be sure
that the three svitches are at the "0ff", "Lov", and "Check" positions,
respectively. Then, proceed as follows:
(1) Turm the "n"-"0fL" switch to "". If the battery-
current meter of the circuit bax, A, reads sbout 1
division or less, turn the switch to "Off" and
proceed to Step 2. If the reading is appreciably
more than 1 divisicn, repairs to the circuit should
be made before proceeding.
(2) Use the kewire cable with Sepin plugs on esch end to
camnect the circuit box, A, to the hand tool, C,
making sure that the plugs are inserted as far as
poesible. If the wires of the cable are locee or if
the insulation is frayed, repairs should be made
before proceeding.
(3) Remove the shunt fram the indicating meter, B, and
comnect this meter, B, to the circuit box, A, with
the twoewire cable having "banana” plugs.
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follows:
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(4) Again, twn the "On"-"Off" switch to "On". The
battery-current meter should read about 46 divisions
(ma) with a new 22.5-volt battery, or its equivalent;
used batteries will give a slightly lower resding.
Furthermore, it should be possible by twning the
zero=-ad justment kncb to cause the indicating meter,
B, t0 read zero. If the indicating meter, B, can be
zeroed, turn the “"Check"-"Rum" switch to “Run" and
re-zero the indicating meter, B, if necessary. The
torque meter (system) is now ready for use.

Note: Specific indications of sbnormal conditions would be as

(a) A minimm reading which is sppreciably different
fram zero (for example, sbout 10 divisions or more)
on the indicating meter, B, would suggest an open
circuit in at least coe branch of the strainegage
bridge of the tool handle, C. This would be further
substantiated by a batterye~current-meter (A) reading
in the range 20 to 23 divisions (ma), assuning e
battery in fair or good condition. In this case,
the circuit must be repaired before the instrument
can be used.
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(v) A zero or nesrezero reading of the mtcntd.ng.
meter, B, and a battery-current (A) reading of
considerably less than 23 divisions (me) would
suggest that the batteries should be replaced. After
& battery is replaced, the sbove procedure should
be followed from the beginning.

e . G
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